Abstract The relationship between environmental factors and human health has long been a concern among academic researchers. We use two indicators of environmental pollution, namely particulate matter (PM 10 ) and carbon dioxide (CO 2 ) to examine the effects of poor air quality on human mortality. This study explores an issue that has largely been ignored, particularly in the African literature, where the effect of air pollution on human mortality could be influenced by gender specification. We analyse a panel data from 35 African countries and our result suggests that the elevated levels of PM 10 and CO 2 have a significant effect on the increasing mortality rates in infants, under-five children and adults. Although the effect of poor air quality on adults is found to differ between genders, such difference is not statistically significant. We conclude that the air pollution effects, on average, are similar between genders in the African countries.
Introduction
African communities that are predominantly poor are considerably less healthy than those in advanced or relatively emerging economies (Iliffe 1987; Weil 2007) . Poor air quality could be one of the significant factors that can contribute to the health inequality. Over 60 % of the countries that experience poor air quality are located in Africa (Fajersztajn et al. 2013; Osabuohien et al. 2013) . In fact, a very recent nature review on air pollution revealed that the concentration of some ambient air pollutants in Africa, such as particulate matter (PM 10 ), exceeds the air quality guideline set by the World Health Organization (WHO), which could have a consequential effect on public health outcomes. This study considered the issue of human mortality associated with environmental pollutants in Africa, a continent that is yet to establish a comprehensive air quality standard (ADB 2012) .
Theoretically, a higher concentration of ambient air pollutants, such as particulate matter, sulphur dioxides and carbon can have a negative implication on public health outcomes (Lim et al. 2013; Pascal et al. 2013; Shumway et al. 1988; Stieb et al. 2002) . Child mortality and premature death in adults are typical examples of public health problems as the result of higher levels of air pollution (Brunekreef 1997; Brunekreef and Holgate, 2002 in O'Neill et al. 2003; Cropper et al. 1997; Ostro 2004; Ware et al. 1986 ).
Research also indicates that the air pollution effect on public health outcomes may be gender specific and is likely to have more effect on women, particularly among adults (Clougherty 2010) . Empirical studies by Kan et al. (2008) ; Luginaah et al. (2005) ; Oiamo and Luginaah (2013) , and Sunyer et al. (2006) , among others, confirmed this argument. Meanwhile, Rhefuess (2006) and Schlag and Zuzarte (2008) , among others, have shown that the household energy practice predominantly used by women in Africa, such as using unprocessed biofuels to cook, can also explain the different effects of air pollution on men and women. However, a study by Bell et al. (2013) failed to provide any significant evidence to support that the effects of air pollution differ between genders.
Earlier research on the public health outcomes shows that other key factors affecting human mortality are the levels of economic growth, immunisation and education of the population, as well as public health spending and urbanisation (Gangadharan and Valenzuela 2001) . Pautrel (2009) found that the quality of governance is also a vital factor that can explain public health outcomes.
Other empirical research in this area can be found outside the economic literature. A huge quantity of evidence is from the epidemiological studies, a majority of which confirmed the strong relationship between ambient air pollutants and morbidity, as well as premature mortality. For example, studies by Hedley et al. (2002 Hedley et al. ( , 2004 in Lippmann (2012) indicated that a persistent drop in concentration of air pollutants, such as sulphur dioxide (SO 2 ), nickel (Ni) and vanadium (V) in Hong Kong, had led to the corresponding decrease in mortality and hospital admission rates. Allen et al. (2013) estimated that 29 % of cardiopulmonary death and 40 % of lung cancer were attributable to outdoor air pollution in the city of Ulaanbaatar in Mongolia, which accounted for approximately 10 % of total mortality in the city.
A similar group study among children by Siddique et al. (2010) in India indicated a significant relationship between ambient particulate matter and respiratory problems. In another study, this relationship was also found to be common among elderly people (Ulrich et al. 2002) , with a negative effect on savings and investment in the communities. This study also argued that the decrease in savings and investment are due to the increase in the air pollution-related morbidity expenditures. The nutrition and education received by children can be affected and the prospect for growth in labour supply may decline. The dependency ratio can worsen and affect the economic performance in the long run.
In spite of the threats of air pollution, its effect on public health outcomes has rarely been empirically investigated in Africa, where there is a lack of environmental policies. Our analysis focuses on particulate matter (PM 10 ) and carbon dioxide (CO 2 ) emissions as measures of air pollution, which are believed to have a lethal effect on human mortality (Jacobson 2008; KuÈnzli et al. 2000) . This examination is important to encourage a more comprehensive ambient air quality standard in Africa.
This study contributes to the literature in three ways. First, the study extends the analysis of air pollution effects on public health outcomes to the African countries, which has received relatively little attention. Most of the economic-based evidence relating to the effects of air pollution on public health outcomes was applied to only a few countries in Africa (Drabo 2010; Gangadharan and Valenzuela 2001) . However, the inclusion of these few African countries is not comparable to the other developed and developing countries also considered in these studies. The selected African countries have considerably higher levels of air pollution, comparable other sample countries that have recorded better air quality. Thus, it may not accurately reflect the actual environmental health problems in Africa, nor suggest the direction of future policy target for the continent.
Secondly, even though previous studies have attempted to examine the air pollution effect on life expectancy and human mortality, they seem to generally ignore to distinguish the effect between genders. This issue has not been empirically investigated, particularly in relation to adult mortality that concerns many African countries. Our review of existing literature suggests that there are reasons to expect different reactions to air pollution between men and women. The differences can be empirically investigated and this study aims to fill this gap. Thirdly, this study also addresses the potential endogeneity issues related to poor air quality and its effect on public health outcomes. This paper is organized as follows: Section 2 presents the model and methodology, Section 3 describes the data, Section 4 discusses the empirical results and Section 5 concludes.
Model specification and assumptions
The economic model For the purpose of this study, we adopt the air pollution-public health model as suggested by Gangadharan and Valenzuela (2001) and Pautrel (2009) to evaluate the potential effect of air pollution on public health outcomes in the African countries:
where H is the health status of African country i, Y is the level of economic progress, P is the air quality and W is a vector of other factors including the provision and access to health facilities and the effectiveness of government.
The econometric model
To empirically analyse the impact of the environment on health outcomes, the following econometric model is applied for the purpose of this study,
where Y refers to the level of per capita income growth of African country i, proxied by real gross domestic product per capita; P refers to the air quality indicators, including particulate matter (PM 10 ) and carbon dioxide emission (CO 2 ) per capita; H refers to the health status of the population, proxied by infant, under-five and adult mortality rates; W is the vector of other variables that directly influence health such as urban population, public health expenditure, child immunisation and government effectiveness; η i and ε are the country-specificeffect and the error term (which is assumed to be IID with zero mean and constant variance), respectively.
Long-term exposure to air pollution has been considered as one of the major life threatening event facing human in recent years (see, for example, Kimani 2007) . Incessant accumulation of air pollutants such as PM10 tends to weaken body immunity and increases the risk infection diseases that may have severe consequences for infant mortality and morbidity etc. While PM10 is categorized under national pollutants, CO2 is classified as an international pollutant (See Frankel 2009; Callan and Thomas 2010) . PM10 has been one of the pollutants that are responsible for the majority of health problems associated with ambient air pollutants, including increased mortality and incidence of ailments linked to poor air quality.
Carbon dioxide on the other, though, has not been commonly regarded as a typical air pollutant, study by Jacobson (2008) found it to have a significant link with higher human mortality and other life-threatening diseases such as respiratory illness. Consequently, adverse public health effects are expected from these measures of environmental quality across the African countries.
Following the literature, some set of explanatory variables were also used to examine how they affect human mortality in African nations, this includes the measures of economic progress. Although pollution externalities embedded in the scale of economic activities may, to some extent, canceled the welfare effect of income level (Y), it is, however, expected that an increase in income level (per capita income) may improve health care services (see Gangadharan and Valenzuela 2001) . So, the coefficient is per capita income is expected to be negative.
Urbanization (UBN) may also play a significant role in determining public health outcomes. Being a proportion of people living in urban centres, it indicates modernization. Although increased urban growth may have positive effect on improving sanitary conditions, as there may be easier access to modern health facilities and hence alleviate the adverse impact of pollution on human health, it could, however, lead to a more damaging effect as well. For example, the movement of people from rural areas to urban centres tends to increase their exposure to industrial pollutants and thus more illness. The expected sign for this variable is, however, ambiguous.
Child immunization (CIMM) refers to administration of a vaccine to children to stimulate their body immune system against infections of life-threatening ailments. Higher rates of child immunization are expected to have a positive impact on children, particularly, reduced infant and under-five mortality rates. This variable is included with the expected negative sign.
It is worth mentioning that, a country with low quality of governance may less likely contain the adverse effects of air pollution on human health (Pautrel 2009; Lewis 2006 ). Thus, governance effectiveness is considered as an additional control in the public health model. Depending on the influence of the quality of governance in the provision of health care services, the coefficients of the variable are a priori indeterminate.
The methodology
This section presents the estimation procedure for the analysis. The research panel estimation technique uses the generalized method of moment (GMM) estimator, as suggested by Arellano and Bond (1991) and Roodman (2009). The main reason for choosing this estimator is that the environmental indicators need to be treated as endogenous variables in the regression model (see, for example, Davidson and MacKinnon 1995; Gangadharan and Valenzuela 2001) . This implies endogeneity in the regression. Therefore, we believe that the traditional panel estimation methods (pooled OLS, fixed effects and random effects) are unable to account for possible endogeneity problems and simultaneity bias (Arellano and Bond 1991; Greene 2004; Nickell 1981) . On the other hand, the GMM panel estimator controls both autocorrelation and heteroskedasticity. This estimator also uses appropriate lags of regressors to deal with possible endogeneity in the explanatory variable (Arellano and Bond 1991; Roodman 2009) .
To test for possible gender differences in air pollution effects among adult males and adult females, we use the formula suggested by Paternoster et al. (1998) , as follows,
where β 1 represents the estimated coefficient of the adult female mortality rate, β 2 denotes the estimated coefficient of the adult male mortality rate, whereas SEβ 2 1 and SEβ 2 2 are corresponding standard errors for the estimated coefficients of the adult female and the adult male mortality rates, respectively. The above equation tests the null hypothesis that there is no significant difference between the estimated coefficients of the adult male and the adult female mortality rates.
Data
In this study, we employ a panel data from 35 African countries spanning over the period 1995-2011. The choice of countries and period are dictated by the availability of data. Mortality rates for infants, under-five children and adults (male and female) are obtained from the World Bank (2014) . Annual GDP represents the income level or economic progress; particulate matter (PM10) is measured in micrograms per cubic meter; carbon dioxide (CO2) is measured in metric tons per capita; and urbanization is measured by the percentage of urban population to total population and public health expenditure. These data are also obtained from the World Development Indicators of the World Bank (2014) . Data for government effectiveness are obtained from the World Governance Indicator of the World Bank (2011).
Empirical results
The datasets are summarised in Table 1. The table presents the  minimum and maximum values, means and standard deviations (within countries, between countries, and overall countries). All included variables show a substantial disparity in both between and within sample countries and justifies the application of a panel estimation method.
The GMM estimation results on gender differences (Model 2) are reported in Tables 2, 3 , 4 and 5. Particulate matter (PM 10 ) is used as the indicator of air quality, whereas alternative indicators of public health outcomes are adult male and adult female (AMMR and AFMR) mortality rates, infant mortality rates (IMR) and under-five mortality rates (U5MR). In all estimated models, the lagged dependent (autoregressive) variables are treated as endogenous. The level of PM 10 is also treated as endogenous in all regressions. As a starting point, it is important to note that all estimated autoregressive coefficients do not seem to be strongly persistent (which range from 0.609 to 0.793); thus, consistent estimates can be expected from the results presented in these tables (see Bond 2002) .
The specification test results of the first-differenced GMM estimators in all regressions indicate the presence of first-order serial correlations, while the null hypothesis of the absence of second-order serial correlations could not be rejected. Besides, the Hansen J test results support the validity of all instruments used in this analysis. The Diff-in-Hansen test also fails to reject the additional instruments and suggests that the firstdifferenced GMM estimators are well-behaved. All estimated coefficients of the lagged dependent variables are statistically significant, confirming the dynamic nature of the estimated regressions. Table 2 and Table 3 present the results when adult male and adult female mortality rates are the dependent variables. The analysis shows that a 1 % increase in the level of PM 10 causes between 0.017 to 0.028 % increase in adult male mortality rates and between 0.024 to 0.031 % increase in adult female mortality rates. The real GDP per capita is found to be significant in reducing both adult male and adult female mortality rates, except in regression 1 (as presented in Table 2) , where it appears to be negative, but not statistically significant. For every 10 % increase in the real GDP per capita, there can be more than 0.17 and 0.26 % decrease in adult male and adult female mortality rates, respectively.
The coefficients for health care expenditure as a share of GDP are negative and statistically significant in all regressions (see Table 2 and Table 3) at 1 % significance level. For every 10 % increase in health expenditure, the decrease in adult male mortality rates ranges from 0.49 to 1.41 %, while the decrease in adult female mortality rates ranges from 0.3 to 1.32 %.
The level of education is consistently significant for reducing adult mortality rates across the sample countries, showing a negative sign at 1 % level in each regression (Table 2 and  Table 3 ). Even though the education level has a relatively small effect on reducing adult mortality rates, this study shows that a 10 % increase in the education level (secondary completion rate) can reduce the adult male mortality rates by more than 0.04 %, and more than 0.05 % in adult female mortality rates.
Urbanisation (urban population as a share of total population) shows a negative and statistically significant effect in reducing adult (male and female) mortality rates in all regressions (Table 2 and Table 3) . A 1 % increase in urbanisation reduces adult mortality rates by more than 0.136 % in all regressions. This supports the benefits of increased access to improved water and sanitation, as well as modern health care services in the urban areas. Table 3 shows estimations that include government effectiveness as an additional explanatory variable. The estimation results indicate that government effectiveness is significant in explaining the adult male mortality rates, whereas the adult female mortality rates show a negative sign in column 4 of Table 3 (but not significantly different from zero). However, when PM 10 and government effectiveness are examined in the same model, the results show that both adult mortality variables (adult male and adult female) have positive signs, with only low statistical significance of the coefficient of the adult female mortality rates. This indicates that the effect of pollution may outweigh the government intervention measures, particularly among women (mostly those in rural areas), perhaps due to the inefficient cooking method of using unprocessed traditional fuels, such as charcoal and firewood. The fact that this interaction effect is only significant in explaining adult female mortality rates raises the possibility that the effects of air pollution on adult mortality rates may differ between genders. Table 4 and Table 5 tabulate regression results for models with infant and under-five mortality rates as dependent variables. These regressions use the same set of explanatory variables as reported in Table 2 and Table 3 , but include the immunisation level as an additional explanatory variable. Justifying the dynamic nature of the regressions, all estimated lagged dependent variables presented in Table 4 and Table 5 are found to be positive and statistically significant.
The estimation results in column 1 and column 2 of Table 4 suggest that air pollution (PM 10 ) has a positive and statistically significant effect on infant and under-five mortality rates. An increase in the level of PM 10 by 10 % can cause an approximately 0.33 % increase in the infant mortality rates, and 1.32 % increase in the under-five mortality rates.
However, the magnitude of air pollution effect on both infant and under-five mortality rates remains identical when other explanatory variables are taken into consideration. For instance, when the measure of urbanisation is included (see column 3 and column 4 of Table 4 )-results show a negative and statistically significant effect of PM 10 on infant mortality rates at one per cent level, with a slight decrease from 0.033 to 0.029 %.
The estimation results in Table 4 also consistently indicate that real per capita GDP and education level reduce infant and under-five mortality rates. However, the magnitude of these effects changes after including the measure of urbanisation. Specifically, when the urbanisation variable is added into the regression (column 3 and column 4 of Table 4), the effect of Note: Standard errors are presented in parentheses. AR(1) and AR(2) are tests of the first-and second-order residual serial correlations. The Hansen J test is to test the validity of over-identifying restrictions (of moments). The Diff-in-Hansen test is to verify the validity of the additional instruments. All GMM regressions treat the lagged dependent variables and PM10 as endogenous. Following Ding and John (2011) and Hou and Chen (2013) , time dummies are included in the regression models to capture the effect of factors that commonly affect the dependent variables, but may change over time and lessen the potential effect of cross-sectional error dependence (in the short dynamic panels), but are not reported to conserve space. *, ** and *** indicate significance at 10, 5 and 1 %, respectively. real per capita GDP on mortality rates falls marginally from −0.039 to −0.019 (infant) and from −0.104 to −0.088 % (under-five). Although the effect of education level on infant mortality rates decreases from −0.006 to −0.001 %, the same effect on under-five mortality rates shows a marginal increase from −0.001 to −0.002 %. Meanwhile, government health Note: Standard errors are presented in parentheses. AR(1) and AR(2) are tests of the first-and second-order residual serial correlations. The Hansen J test is to test the validity of over-identifying restrictions (of moments). The Diff-in-Hansen test is to verify the validity of the additional instruments. All GMM regressions treat the lagged dependent variables and PM10 as endogenous. Following Ding and John (2011) and Hou and Chen (2013) , time dummies are included in the regression models to capture the effect of factors that commonly affect the dependent variables, but may change over time and lessen the potential effect of cross-sectional error dependence (in the short dynamic panels), but are not reported to conserve space. *, ** and *** indicate significance at 10, 5 and 1 %, respectively. (2011) and Hou and Chen (2013) , time dummies are included in the regression models to capture the effect of factors that commonly affect the dependent variables, but may change over time and lessen the potential effect of cross-sectional error dependence (in the short dynamic panels), but are not reported to conserve space. *, ** and *** indicate significance at 10, 5 and 1 %, respectively.
expenditure is found to negatively affect both infant and under-five mortality rates, but only shows statistical significance on infant mortality rates (columns 1 to 4 of Table 4 ). Table 5 presents the regression results with the inclusion of government effectiveness (GOV). It is noted that in columns 1 to 4 of Table 5 , PM 10 shows a statistically significant positive sign. Although the inclusion of GOV seems to reduce the negative effect of air pollution on infant mortality rates from 0.040 to 0.027 %, there is a marginal increase of this effect on under-five mortality rates from 0.029 to 0.034 %. A marginal increase of the income level effect is recorded from 0.019 and 0.088 % in Regression 2 to 0.027 per cent and 0.089 per cent in regression 1, for infant and under-five mortality rates, respectively.
The public health expenditure shows a statistically significant negative sign, which is sensitive to the inclusion of the GOV measure (column 1 and column 2 of Table 5 ). The coefficient of the under-five mortality rates is statistically significant at one per cent significance level. Likewise, after accounting for GOV, immunisation becomes statistically significant in reducing under-five mortality rates. It is observed that a ten per cent increase in the immunisation level is associated with a 0.73 % decrease in infant mortality rates and 0.003 % decrease in under-five mortality rates.
Furthermore, the education level shows a similar effect on both infant and under-five mortality rates. As shown in column 1 and column 2 of Table 5 , the estimated coefficients show that every ten per cent increase in the immunisation level is associated with almost 0.02 % reduction in both infant and under-five mortality rates. Meanwhile, urbanisation sustains a positive effect on infant and under-five mortality rates, where a 10 % increase in the number of urban population (as a share of total population) reduces infant and under-five mortality rates by 4.66 and 4.42 %, respectively.
Finally, the regressions in column 3 and column 4 of Table 5 examine the interaction effects of government effectiveness and PM 10 on infant and under-five mortality rates. Both regressions indicate an increase in the level of PM 10 , which is significantly associated with higher infant and under-five mortality rates: for every 10 % increase in the PM 10 level, there is a 0.43 % (from 0.34 in regression 1 of Table 5 ) and 0.29 % (from 0.27 in regression 1 of Table 5 ) rise in infant and under-five mortality rates.
The GOV indicator consistently remains significant in reducing infant and under-five mortality rates at 5 % level of significance. There are marginal changes on the effect of the aforementioned variables reported in regression 1, except the effects of income level, health expenditure and immunisation level on under-five mortality rates, and the effect of education level on both infant and under-five mortality rates.
To check for robustness, columns 1 to 4 of Table 6 show the re-estimation of regressions from column 3 and column 4 of Note: Standard errors are presented in parentheses. AR(1) and AR (2) are tests of the first and second order residual serial correlations. The Hansen J test is to test the validity of over-identifying restrictions (of moments). The Diffin-Hansen test is to verify the validity of the additional instruments. All GMM regressions treat the lagged dependent variables and PM10 as endogenous. Following Ding and John (2011) and Hou and Chen (2013) , time dummies are included in the regression models to capture the effect of factors that commonly affect the dependent variables, but may change over time and lessen the potential effect of cross-sectional error dependence (in the short dynamic panels), but are not reported to conserve space. *, ** and *** indicate significance at 10, 5 and 1 %, respectively. Table 3 , while column 3 and column 4 of Table 5 show the use of carbon dioxide per capita as the pollution indicator. The diagnostic test results indicate that the estimated regressions are well-specified. As expected, the null hypothesis of no firstorder serial correlation is rejected, while the null hypothesis of no second-order serial correlation cannot be rejected. Moreover, the results of the Hansen J test and the Diff-inHansen test indicate that the instruments used are valid. In all regressions, the estimated autoregressive coefficients are positive and significant-certifying the dynamic nature of the estimated regressions. Table 5 shows the results that complement those reported in Table 3 , in which PM 10 is used as the pollution indicator. In all estimations reported in Table 6 , the estimated lagged CO 2 ranges from 0.014 to 0.026 and are statistically different from zero at 10 % significance level; suggesting that an increase in CO 2 is associated with a significant growth in human mortality rates (Jacobson 2008 ).
An increase in the real per capita GDP is found to be consistently significant at 1 % in reducing human (adult male, adult female, under-five and infant) mortality rates (see columns 1 to 4 of Table 6 ). The coefficients of real GDP per capita range from −0.016 to −0.068, suggesting that a rise in income leads to a decline in all mortality rates across the sample countries. Likewise, except for the case of adult male mortality rates, the estimated coefficients of the public health expenditure range from −0.029 to −0.053 reduce human mortality rates (including the adult male, adult female, under-five and infant mortality rates). The immunisation level shows negative effects (−0.038 on the infant mortality rates and −0.110 on the under-five mortality rates), which are significant at a 5 % level.
The results in Table 6 also show that education level (with the exception of adult female mortality rate) and urbanisation have significant effects (at one per cent significance level) in reducing human mortality rates in all four regressions reported in columns 1 to 4 of Table 6 . GOV also shows a negative sign and is statistically significant in both infant and under-five regressions (column 1 and column 2 of Table 5 ). However, in all regressions, the inclusion of GOV and CO2 is found to be not significant.
The regression results presented in Tables 2, 3 , 4, 5 and 6 suggest that air pollutants (both PM 10 and CO 2 ) are robust determinants of human (adult male, adult female, infant and under-five) mortality rates. However, to examine whether the effects differ between adult male and adult female mortality rates, we require formal statistical tests that differentiate between the regression coefficients of the two indicators.
Equality of regression coefficient test results on the effects of air pollution on human mortality rates
The results of testing the difference between the air pollution effects on adult male and adult female mortality rates are as shown in Table 7 . Column 3 and column 4 of Table 3 as well as column 3 and column 4 of Table 6 show that the regression (2011) and Hou and Chen (2013) , time dummies are included in the regression models to capture the effect of factors that commonly affect the dependent variables, but may change over time and lessen the potential effect of cross-sectional error dependence (in the short dynamic panels), but are not reported to conserve space. *, ** and *** indicate significance at 10, 5 and 1 %, respectively.
coefficients for the relationship between the level of PM 10 and CO 2 and mortality rates are 0.024 (s.e. = 0.007) and 0.026 (s.e. = 0.015) for the adult female mortality rates, and 0.017 (s.e. = 0.006) and 0.013 (s.e. = 0.004) for the adult male mortality rates, respectively. In model 3, the calculated z-statistic for the differences between the coefficients when PM 10 is used to represent air pollution is 0.538, while the z-statistic is 0.684 for CO 2 . Based on these results, the null hypothesis of an equal coefficient, among adult male and adult female mortality rates, cannot be rejected. This suggests that although the effects of both PM 10 and CO2 are larger in magnitude in adult female mortality rates than in adult male mortality rates, these effects are not statistically significant. This confirms the findings by Bell et al. (2013) but contradicts the findings of Kan et al. (2008) ; Luginaah et al. (2005) ; Oiamo and Luginaah (2013) and Sunyer et al. (2006) .
Discussion
This study examines the effect of air pollution on adult and child mortality rates as well as air pollution inequality on mortality rates. High levels of poor air quality are linked to higher probability of child (infant and under-five) and adult mortality. However, the results do not provide evidence of inequalities in air pollution related to human mortality.
The evidence that air pollution is associated with human mortality supports the findings of Drabo (2010) and Gangadharan and Valenzuela (2001) . The health effect of air pollution remains significant on all proxy variables for health outcomes (including adult male, adult female, under-five and infant mortality rates), irrespective of whether the pollutant used is PM 10 or CO 2 . The results that show higher infant, under-five and adult mortality rates are associated with carbon dioxide emissions provide the evidence to suggest that carbon dioxide emissions can lead to heart and lung diseases related to inhaling ozone and air-polluting particles (Jacobson 2008) .
Therefore, controlling the expansion of poor air quality in the African countries can lessen the health risk and increase the well-being of the community. It can also reduce the health care expenditure, which in turn can positively affect domestic savings and investment levels (Gradus and Smulders 1993; Lave and Seskin 1973) .
Our results also highlight the importance of government effectiveness in reducing the health risk of air pollution. The evidence, in accordance with Hu and Mendoza (2013) among others, which shows that real GDP per capita, health care finance and education level are consistently negative in relationship with human mortality rates. In addition, the negative effects of the immunisation level and urbanisation on child mortality support the findings of Gangadharan and Valenzuela (2001) . Therefore, policy interventions that are targeted to improve these variables can be relevant to reducing health inequality between the African countries and the rest of the world.
Conclusion
This study examines the effects of air pollution on the public health outcomes in the African countries. Our findings on air pollution and adult mortality show that higher levels of particulate air pollution and carbon dioxide emissions have a likely significant effect on increasing adult mortality rates. Although the magnitude of this effect differs between genders, the difference is not statistically significant. The analysis also found a significant negative effect of both PM 10 and CO 2 on infant and under-five mortality rates across the sample countries. While the evidence on the interaction effects of air pollution and government effectiveness on health outcomes are unclear, the findings suggest that health problems due to poor air quality are worse in a country where the government is ineffective.
Finally, our analysis suggests that the increase in the levels of poor air quality in the African countries can be possibly due to the practice of low environmental standards (ADB 2012; Kranz et al. 2008) . Therefore, there will be an additional demand for health care services, with possible consequences of reduced labour hours and labour productivity. Policy makers need to intensify the effort to effectively control air pollution across the region. 
